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PHYSICS 201
LAB 9
Part 1. Ripple Counter from JK Flip Flops

Build the Ripple Counter shown below.  Replace my version with yours and have a three showing (turn off the simulation when the counter reaches three). 

Why is it called a ripple counter? And what problem could occur with it? (Hint look back at the ripple adder.)

	


What does the counter below count up to?
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What does the switch above do?

	


Make the addition shown below. 
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What change in behavior results from this addition?

	


Part 2. The RS flip-flop. 

Flip-flops serve as the elementary units for memory in digital systems.  Two features are needed: 

1. The circuit must be able to “hold” either state (a high or low output) and not simply reflect the input at any given time.

2. But in some circumstances, we must be able to change (to “set” and “reset”) the values. 

One way to achieve this result is for flip-flops to have a feed-back feature.  

There are two problems we must consider

1. The R=1, S=1 input is disallowed. 

2. The output corresponding to the R=0, S=0 input depends on the initial state, and when first starting a simulation we don’t know what that state is. 

Add to your circuit a battery and ground to establish high and low lines and switches leading from these lines to the R and S inputs as shown below.  
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Fill in the states Q and Q’ you find by flipping the switches in the order indicated below.  Step 0 means that the setting of the switches when the system is first activated. Under type, put “set”, “reset” or “no change”. 

	R
	S
	Q
	Q’
	Type

	0
	1
	
	
	

	0
	0
	
	
	

	0
	1
	
	
	

	0
	0
	
	
	

	1
	0
	
	
	

	0
	0
	
	
	

	1
	0
	
	
	

	0
	0
	
	
	


What happens if you start the simulation with R=0 and S=0?
	


What happens to the simulation when R=1 and S=1?

	


Part 3.  Beginning Transistors. Build the circuit below in Electronics Workbench.  The item we have not seen before is an npn transistor (found under Transistors, which are next to the diodes).   There are many types of transistors, but the basic principle is the same for all of them.   Note that the transistor is a three-terminal device. In the circuit below, the terminal on the top is called the collector; the terminal in the middle and to the left is called the base; and the terminal bottom on the bottom is called the emitter.  The collector should be at a higher (more positive) voltage than the emitter. 
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Vary the voltage VBB and fill in the table below.  (If the simulation bombs out at any voltage say VBB= 0.7, then adjust the voltage to 0.71.)

	VBB (V)
	VBE (V)
	IB (mA)
	VCE (V)
	IC (mA)
	VCE/IC

(     )
	IC/IB

	0.1
	0.1
	0.000014
	9.999
	0.001776
	5630
	126.9

	0.2
	0.2
	0.000028
	9.999
	0.001776
	5630
	63.4

	0.3
	
	
	
	
	
	

	0.4
	
	
	
	
	
	

	0.5
	
	
	
	
	
	

	0.6
	
	
	
	
	
	

	0.7
	0.635
	0.006439
	8.582
	1.419
	6.048
	220

	0.8
	
	
	
	
	
	

	0.9
	
	
	
	
	
	

	1.0
	
	
	
	
	
	

	1.1
	
	
	
	
	
	

	1.2
	0.689
	0.051
	0.245
	9.756
	0.02511
	191.3

	1.3
	
	
	
	
	
	

	1.4
	
	
	
	
	
	

	1.5
	
	
	
	
	
	

	1.6
	
	
	
	
	
	

	1.7
	
	
	
	
	
	

	1.8
	
	
	
	
	
	

	1.9
	
	
	
	
	
	

	2.0
	
	
	
	
	
	


If you were going to use the data above to identify three regions: on, transition and off, where would you say those regions were?

	


Part 4. Diode-Transistor Logic 

The circuit below is logic gate made from resistors, npn transistors and diodes.   Add voltmeters and/or ammeters to determine if the transistors are on or off. 

	Input A
	Input B
	Q1

(on or off)
	Q2

(on or off)
	Output

(in volts)
	Output

(high or low)

	low
	low
	
	
	
	

	low
	high
	
	
	
	

	high
	low
	
	
	
	

	high
	high
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What logic gate does this represent? 
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